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Capillary Rise in Zigzagging Channels
Through this tutorial, you will use Computaided Design (CAD) to draw two zigzagging channels, oneowitd corners
and one with sharp corners, as shown in the middlger figure below.
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steps at least once, especially if you are not familiar withbre CAD!
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Only an example middle layis designed in this tutorial because all of the CELERE test cells use the same front and ba
layers (with exit slots for the air), as shown below. Note that it is critical that the channels reach the exit slotdts® tha
oil can rise during free fieds a result of the capillary action.

AIR EXIT SLOT

AIR EXITSLOT

CHANNEL #2

CHANNEL #1

FRONT MIDDLE BACK
ALLTHREE LAYERS TOGETHER

As a start:
1. Download LibreCAD for free frobhibreCAD Free Open Source 2D CHdp Mac, Windows, and Linesystems.
This tutorial is most applicable to LibreCAD version 2.2, although older versions should be similar.
2. Download the CELERE_2021 TEMPLATE.DFX file from tRi§liBRESS Research Design Challenge | Glenn
Research Center [NASR ¢ KA & @gAff 0SS dzaSR F2NJ &2dz 42 RSaAdy i

Mac Help: Downloading LibreCAD onto a Mac may requifevaextra steps compared to a Windows or Linex system.
If you need help installing LibreCAD onto your Mac please see the following steps for assistance.
1. Go to the download page on LibreCAD listed above and begin the download as normal.
2. Once the downloadhas completed find LibreCAD in your systemoyve it to your applications folder if it is not
already there to save it permanently.
3. If you experience an error when opening LibreGA® A y (1 2 & 2 dzNJadd&eleit Sec@ity and Brivatyh V :
Onceyould Ay &2dz aK2dzZ R &SS | LJ2LJ dzLJ F2NJ [ AGNB/ !5 4.
resolve the error.

While this tutorial uses many of the tools availableilre CADit is not an exhaustive instructional tool. For more guidance
on LibreCADgo to the help page at:
start [Wiki] (librecad.org)

Note that product references do not indicate an endorsement opdhieof NASA or the federal government.
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Instructions & comments

Screen shots, images, and diagrams

FILE SETUP

Launch LibreCAD and open the template
by selecting file and then open

== LibreCAD - [unnamed document 1]

& File Options Edit View Plugins T

New Ctrl+N
New From Template

Open... Ctrl+O
Save Ctrl+S

Save as...

R TN

Import 4
Export 4
Print... Ctrl+P

Print Preview

- R S T

Close Ctrl+F4
Quit

st P RPoEMEaR PR

Recent Files 4

N

Select and open the
CELERE_2021_TEMPLATE.dfx file

NASA 20... » CELERE Tutorial v [9]

folder - m @

~

CELERE_2021_Template.dxf

ile name Drawing Exchange (*.dxf)

The screen similar to that on the right w
appear. The design will be restricted to insi
the black lines.

Note: The background has been changed
white for picture clarity
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preferences to reveal the setting for th

current drawing.
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Make sure that the Paper size is A3 and t
the Units are in Millimeters.

' YRSNJ G4KS DNRR () o3
make sure that the Orthogonal Grid is al
selected.

Dimensions and Spline should remain in t
default setting.

Select Okay to close the Drawing Preferenc

The template file, which provides the testlc
outline including these main features:

Border (Black Lines): The channels that
design must fit within the border.

File name: The file name appears at {
top of the test channel so Glenn Resea
Center (GRC) can identify your middle Ig
and tell it apart from those of other team
Green slot: The green slot is where the
will exit out the front and rear layerd the
assembled test cell. The channels
design must extend into the green slot.

DO NOT ALTER THE TEST CELL OUT
BLOCK IN ANY WAY!

”EELERE_ZDZW_T EMPLATE

/

File Name

™~

Border /"

R

Green Slot

Across the top is the main menu which
contains: File, Options, Edit, View, Plugins,
Tools, Widgets, Drawings, and Help. For m
information on these features vidiflain

Menut LibreCAD 2.2.0 documentation

& File Options Edit View Plugins Tools Widgets Drawings Help
I ) 1) I ) R == S P

M e @A R ZE R



https://librecad.readthedocs.io/en/latest/ref/menu.html
https://librecad.readthedocs.io/en/latest/ref/menu.html
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On the left side are the Drawing Tools. =
learn more about each tool and what it is us
for visit: Drawing Toolst LibreCAD 2.2.
documentation

At the bottom is the Snapping Menu. TH
menu includes the tools for attachment o2
shapes to the design platform. For mo
information on these specific tools vis| =

; . . e 333 N 2 = El.c
Snapping LibreCAD 2.2.0 documentation| = THESHII IR =t + 48 DLQDDE
0,0 0,0 5 SelectedTotal Length Current Layer Grid Status
0<0° 0<0° 0 0 cut 107100

When you first begin, none of the snap me
items should be selected.

On the top right side of the screen is the La
List. This section is used to layer f -0
components of the design and create né
layers if desired

|

Layer List g x

\ |
® = B = &
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@ & # W cur
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@® & # B Template_cut
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https://librecad.readthedocs.io/en/latest/ref/tools.html
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On the bottom right side of the screen is ti
Command Line. This line is used to get pre
locations in the software if desired.

For more information on the Layer List a
Command Lines visitDock Widgets 1
LibreCAD 2.2.0 documentation

Library Browser Block List Layer List

Command line a x

Loaded document: C:\Users\sammi\Downloads
\NASA 2021\CELERE Tutorial
\CELERE_2021_Template.dxf

Command:

The template file includes several uniq
layers, where the most important layer is t
CUTlayer. Lines drawn on this layer will t
the laser cutter to cut through the acrylic.

Make sure your channel design is on the C
layer (AKA the red layer).

Items not on the cut layer will not be cut
printed at all. The other layers should not
used and are either LibreCAD default layer
used by NASA.

DO NOT MODIFY THE LAYERS B&ESI
AND ENGRAVE IN ANY WAY!

s@e =m0

® .6 M Border

® &= Bar

= @& # H Defpoints
@ & & W ENGRAVE
@ . & # W Template_cut

= @& = W Template_engrave

Library Browser Block List

Command line

Loaded document: C:\Users\sammi
\NASA 2021\CELERE Tutorial
\CELERE_2021_Template.df

i\Downloads

Command:

Additionally if atany pointyou would like to
go back there is an undo key in the edit tab

Ctrl Z also will perform the undo function
selected.

& File Options Edit View Plugins Tools Widgets [

D' Q' E %t Selection pointer
M Bylayer & Undo Ctrl+Z %r

............................ E Redo Ctrl+Y

\' 3 Cut Ctrl+X

' opy trl+C [
Q 0 c Ctrl+C
m S [# Paste Ctrl+V
M i Delete selected Del



https://librecad.readthedocs.io/en/latest/ref/widgets.html
https://librecad.readthedocs.io/en/latest/ref/widgets.html

CELERE 20Tutorial

June 24th 2021

RENAME THE DRAWING

Do not modify the provided CELERMEplate
file. Instead, resave the file with a uniqug
name and modify that copyThe file name o
your submitted drawing will be used to ident
your part and help NASA keep track of all
experiments. Especially for that final drawir
use the fdbwing steps to format and nam
your new file.

In the menu toolbar, navigate to:
File { I S ! aXx

Save the template file as a new file using 1

following convention:

CELERE_2021_<StateAbbrev>_<OrgAbbre

<AdvisorLastName>_<ParticipantAbbrev>

An example name:
CELERE_2021_OH_GRC_Jones_ABC.dxf

Sufficient abbreviation is required that the
file name fits within the test cell outline in ¢
aAy3aftS tAYyST APSo:
off of the test celll You may need t
abbreviate the advisor nameo.

Field

Description

<StateAbbrev>

Use the twdetter mailing abbreviation fo
your state or territory, where they are liste
below for reference. If you are from a DOL
school outside of the U.S. (including the lis
territories) thenusé’5 h5Q Ay aa s

<OrgAbbrev>

'y FTOONBGALFGAZ2Y F2N]
e.g., school, Scout troop, etc. For example

Franklin Middle School = FMS

Helen Keller School for the Blind = HKSE

Girl Scout Troop 123 = GST123
In the case of schaml please use the schg
name for the abbreviation rather than th
name of a school club. If you are participat
as an individual, please use an abbreviation
@2dzNJ a0K22f S@Sy AT
CELERE as a school project. If you aresh
schooled, you can use HOME.

<AdvisorLastName]

¢KS tFad yrysS 27 (K;
teacher, Scout leader, etc., who serves as
GSFYQAa LINRAYOALJ f 02

<ParticipantAbbrev>

The end of the file name should be
abbreviation identifying your team or yo
initials if you are participating as an individu

US State Abbrv US State Abbrv US State Abbrv US Territory Abbrv
Alabama AL Louisiana LA Ohio OH American Samoa AS
Alaska AK Maine ME Oklahoma OK District of Columbia DC
Arizona AZ Maryland MD Oregon OR Guam GU
Arkansas AR Massachusetts MA Pennsylvania PA Northlizgnl\ggriana MP
California CA Michigan Mi Rhode Island RI Puerto Rico PR
Colorado (6{0) Minnesota MN South Carolina SC U.S. Virgin Islands Vi
Connecticut CT Mississippi MS South Dakota SD DODEA schools DOD
Delaware DE Missouri MO Tennessee TN
Florida FL Montana MT Texas TX
Georgia GA Nebraska NE Utah uT
Hawaii HI Nevada NV Vermont VT
Idaho ID New Hampshire NH Virginia VA
lllinois IL New Jersey NJ Washington WA
Indiana IN New Mexico NM West Virginia WV
lowa 1A New York NY Wisconsin Wi
Kansas KS North Carolina NC Wyoming WY
Kentucky KY North Dakota ND
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QX
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Under the top menuFile { I @S |

#— LibreCAD - [... 2021\CELERE Tutorial\C
a File Options Edit View Plugins T

New Ctrl+N
New From Template
Ctrl+O

Ctrl+S

Open...

z

Save

Save as...
Import 4
Export 4

Print... Ctrl+P

2 T TN e

S~

Print Preview

=

Close Ctrl+F4

Quit

t

Recent Files 4

b=

Rename the file per the instructions on tk
previous page.

&) Music

&=/ Pictures

B videos

# 9 Windows (C)

& Ninbinls 2 S

File name: | CELERE_2021_OH_GRC_Jones_ABC.dxf

Save as type: Drawing Exchange DXF 2007 (*.dxf)

Hide Folders Cancel
{6AGOK (2 GKS &9y 3N
the layer name. Then select the templg . . .
name and click the delete or backspace key « & Lo# e e X #
remove the name. w2 ALBS
This will leave you with a blank top line aaielmh
shown here. cuonm
In the top bar select the A to open a text bo| « = —r= o o e o e we e ' N,
FErE@EaE &2 B8 GME #1245 ¢ axX S d4
M By Layer ~ — By Layer -|— By Layer 7| |: PAL R
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Type into the textbox the same name you ug
for the filename. Change the text size to 4 g
select ok.

Default line spacing
Line spacing: 1

Alignment Angle

T ]
Bl (@4

b|lalld

= MText ? X
Font Text: BB G |®
" |CELERE_2021_OH_GRC_Jones_ABC

Insert Symbol Insert Unicode

Page: [0000-007F] Basic Latin

~ |Diameter (O0) +
Char: [0000]

Place the text in between the red and whi
lines starting in the top left corner as shown

DB FHZ LG X SIS
Al L B 53 e

~| Text: [CELERE_2021 | Angle: [0 |

-

Now the text will read as the new file name

Note: Use the escape key to get rid of the t
attached to the cursor after you place tf
name.

T
| ( |
s Drawings Help

B DR #HiZ2 A @ i S de
Al [ @ 53 -

L7 =

CELERE _2021_OH_TGRC_ Jones_ ABL
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DRAW A ZIGZAG IN THE CUT LAYER
Ensure the CUT layer is active. BPREPEESR : OO 008 B 4% kX5 de
M By Layer By Layer By Layer Al B 53 e
Select the fifth icon from the top in th L\ | CELERE_20ei_DH_TGRC_jones |4 '
drawing tools. Then select the Polyline icon n
I wLRteftAySQ Aa b3 o o A
and arched lines. For this example, we will o N
| YWLREetftAYySQ (2 2dz ; “°'$”°"
capillary channels of the secell. 5 e P bbbt Segrns
E HADIRXNX =+ o DDDLDE +
hy GKS aylFLLAyYy3 YSy
DNAREé odziGz2yd <
B+ BN BRIRNX =+ % 0OC
This button means that the line can only tra ;11100; 11305 2403 Specify first point * Cancel EE'QM
through the grid points. [BBE .o 2 a
If you are going to free sketch the channel, PR EEEB & BE G ME L A kRS LR
so within the borders of the test cell. Since{ ., .. oy oy e [ | Al ® &3
example problem uses predefined geomeg .
6SQff @g2N] 2FF G2 (| o ELERE._2021._OH_LGR_ Jone:
N
Off to the side of the Template, select the fi f)-
point of the POLYNE. =
'
Click to specify the start point. &
[ 8
1 |
ORI XNX = b+ % DODLDE o+
160, 40 0.0 Specify next point 1 Back SelectedTotal Length Current Layer Grid Status
165 < 14° 0<0® 0 0 cuT 10/ 100
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Some tools require that you specify an obje
location by typing in coordinates into th
O2YYIYR LXIYySed {AyO
to Grid " we will not have to do this step.

Move the cursor diagonally to the side, tw
grid points. Click the cursor again to lay
second point.

- by Layer
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Q
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RPALDO
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]
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i

Ex

180, 60

A Flle Options Edit View Plugins Tools Widgets Drawings Help

BRrPRESRB -

BAXNX =+ o DODODDE 4+

4
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By Layer By Layer = Cose | Undo Une - A[

[

)‘2 /.JEL Spedy next point 15 Back :tﬁlﬁfﬁdj?lﬂl Length E :\‘I‘IH\E Layer (‘J'F‘\d’ '::':fhf-

Move the line in the opposite diagon
direction two grid points again.

Click the cursor to drop the third point.

A file Options Edit View Plugins Tools Widgets Drawings Help

FEPREOR « B0

. By Layer

<

Ex -

160, BO

X RRA - b

GO 2 SRR S R

By Layer By Layer ~ |Close undo Uine = Al Bl 53 e

RE__2021__OH_ GRC_ Jor

t % DODQOE + 4

2,20 Specly ot point o lund] 14 Back SHectedTotal Length Curent Layer  Giid Satus

4 File Options Edit View Plugins Tools Widgets Drawings Help

PRl Ra@

Click the escape key on the keyboard. oo - e o AL ® &3 .
This will deselect the polyline feature. Q CPLERE 2001, PH - ORC Jones P

N

a

(_v

&

‘AL

&

=1

B S BRIXINN - 4 ol DDODDE 4

260, 110 100, 30 i Selected Total Length Current Layer  Grid Stat

BE GOE #HE LGS 4R
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DUPLICATE THE ZIGZAG TO MAKE A ZIGZAGGING LINE

Using the regular cursor, select the corner
the angle that was just created. It should n¢
turn into a dashed line to show that it
selected.

e Do E Ve PGS —To0s —Wiagets —Drawgs—Felp
BEBr@EaR - BE GDE #E LHe XX S R

. By Layer +|— By Layer |y Layer - Al ] B & -

S
Q
n

o

ELERE__2021__ 01 RE__ Jones_ A

S ;

B HSBRARNX =+ o DODODDE +H
. SelectedTotal Length Current Layer Grid Status

220, 62 60,-18
3 565685  CUT 10/100

228 < 16° 62 < 343°

Move to the bar underneath the main men
Select the copy button.

This button looks like two green sheets
paper overlapping.

&= LibreCAD - [...LERE Tutoria\CELERE_2021_OH_GRC_Smith_ABC.dxf]
[& File Options Edit View Plugins Tools Widgets Drawings Help

BFEr@Ra® v B8 LD® i
I By Layer = — By Layer - — By Layer < @ J

Select the reference point to be the top corn
of the angle created.
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